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Abstract 
 
Aluminium-silicon castings are typically produced by gravity casting. Bottom gated systems are usually required if surface turbulence is to 
be eliminated. Latest research has demonstrated, that for every liquid metal there is critical velocity above which the surface will fold over 
and entrain itself in the bulk of the metal. Therefore the strength properties the aluminium castings are largely determined by 
microstructural defects, particularly pores and oxide films which are created by surface turbulence. The purpose of this paper is to 
investigate tensile properties and microstructure of aluminium alloy in a casted state two different designs of gating system. The first is the 
usual bottom gating system and the second is novel design of gating system named a vortex-gate introduced by Campbell [1]. The results 
of the mechanical tests revealed that there is a small improvement in ultimate tensile strength for vortex-gate design of pouring system. 
The oxide film defects were observed in microstructure of a sample taken from poured casting by using the bottom gated system.     
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1. Introduction 
 
      The production of castings free from defects is one of the 
major challenges in the aluminium foundry industry [2], [3]. Over 
the last decade several investigations have been made dealing 
with various aspects of microstructure defects formation. Cast 
aluminium based alloys are predisposed to the formation of 
porosity related defects of castings, where the actual amount of 
porosity can be determined by several factors including hydrogen 
concentration [4-6], alloy composition [7-9], solidification rate 
[10], [11] and melt cleanliness [12].  
Recent work [13] has demonstrated the effect of liquid metal flow 
and the surface turbulence on the possible defects and reliability 
of aluminium castings. It has been found to be important to 
minimize the surface turbulence during filling a mould to attain 
reliable mechanical properties of the castings. Extremely high 
velocities at which the liquid metal enters the mould is damaging 
to metal. The theoretical background of critical velocity concept 
by Campbell has been confirmed experimentally for liquid 
aluminium [14], [15]. It has been postulated that for nearly all 
liquid metals this critical velocity is close to 0.5ms
-1 involving 
aluminium alloys.    
The idea to use a novel runner system, named a “vortex gate”, for 
uphill gravity pouring to improve mechanical properties and 
quality of a castings was introduced by Campbell. The vortex gate 
was investigated by Hsu at al [16]. A  computational fluid 
dynamics and real-time X radiography were used for these 
studies. In this work, simulations show flow to dampen the 
circular motion quickly, implying that the internal losses in the 
flow as a result of turbulence are an overestimation in contrast 
with the video radiography. The results presented that the vortex 
gate has the potential to reduce the velocities to get quiet filling of 
melt into moulds. However, no studies have been made to show 
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117influence of novel gating system on mechanical properties and 
microstructure defects.  
The focus of the work is on the evaluation of mechanical 
properties of the AlSi7Mg0.3 casting and, in particular, on the 
effects on ultimate tensile strength resulting from the presence of 
oxide films and pores for different gating system designs as: 
 
•  gravity bottom gated filling,  
•  counter-gravity uphill filling through the vortex-gate. 
 
This paper will address the subject of tensile properties with 
respect to the design of gating system. 
 
 
2. Experimental procedures 
 
        Bentonite sand moulds were made in foundry laboratory at 
Alexander Dubcek University of Trencin. The cope contains the 
cavity for producing a plate casting of dimensions 100 mm x 150 
mm x 10 mm for both gating system designs. The chill was 
connected to longer end of the plate. The drag has the melt flow 
path in dependence on the gating system design. The design of 
novel vortex-gate pouring system is shown in Fig. 1. 
 
 
 
Fig. 1. Runner system of vortex-gate design 
 
Commercial A356 aluminium alloy was used in this experiment, 
for which the nominal composition (wt. %) was 7.1Si, 0.35Mg, 
0.15Ti, Fe<0.2, with the balance being Al. The alloy ingot was 
remelted in a 10 kg capacity SiC crucible by means of an 
electrical resistance furnace. Argon degassing equipment was 
used to allow for the removal of hydrogen and oxide inclusions 
from the melt. Melt temperature was kept at 100 
oC above the 
liquidus temperature for all casting trials. The degassed melt was 
then poured into bentonite sand moulds. 
Tensile test specimens were prepared from the plate casting. 
Tensile samples were machined - ten tensile test samples were 
machined from each plate casting according to the dimensions 
shown in Fig. 2 and Table 1 (gage length 40 mm). Actual 
diameters were measured before testing.  
 
 
Fig. 2 Tensile test specimen geometry 
 
Tensile tests were carried out at room temperature using an 
Instron testing machine to obtain ultimate tensile strength with a 
rate of displacement equal to 5 mm/min.  
 
Table 1. 
Tensile test specimen dimensions 
do Lo L1 R Lt Lb Lc D 
8 40  44 4 50  25  100  10 
 
The microstructures were examined using optical and scanning 
electron microscopy. For metallographic observation specimens 
were prepared in the normal manner, ground and polished on a 
burnishing machine. Specimens were etched in 0.5% HF for 15 s.  
 
3. Results and discussion  
 
            The ultimate tensile strength (UTS) values for both pouring 
systems are shown in Table 2.    
 
Table 2. 
Ultimate tensile strength for both designs of pouring system 
Bottom gated  Vortex gate design  No. of specimen 
Rm [MPa]  Rm [MPa] 
1. 168.849  160.156 
2. 166.363  165.641 
3. 159.223  162.716 
4. 164.267  163.554 
5. 151.768  153.893 
6. 152.682  159.964 
7. 136.630  168.477 
8. 155.627  167.998 
9. 143.859  Damaged 
10. 144.406  143.714 
11. 141.937  169.592 
12. 153.202  173.822 
13. 147.032  163.677 
14. 154.584  145.034 
15. 139.929  159.211 
16. 154.149  164.538 
17. 154.300  164.707 
18. Damaged  156.323 
19. 150.609  162.222 
20. 147.686  167.427 
Mean 151.953  161.719 
Standard deviation    8.75000  7.72000 
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118 Two specimens were damaged during machining. The histograms of 
ultimate tensile strength with 95% t-confidence interval for the mean 
X  for both designs of filling system are shown in Fig. 2 and Fig. 3.   
 
 
Fig. 2. Histogram of UTS with 95 % t-confidence interval for the 
mean  X  – bottom gated pouring 
 
 
Fig. 3. Histogram of UTS with 95 % t-confidence interval for the 
mean  X  – vortex-gate filling system  
 
 
The values of 95 % t-confidence intervals for the mean (147.74; 
156.17) for bottom gated pouring and (158.00; 165.44) for vortex 
gate pouring have been obtained. 
Fig. 4 shows optical micrograph of the AlSi7Mg0.3 alloy for 
bottom gatted pouring of the plate casting. Microstructural 
examinations (Fig. 4) of alloy shows example of pores ranging 
from round to highly convoluted commonly denoted as a gas 
porosity and microporosity respectively. Fig. 5 shows detail of a 
fragmented oxide film defect in structure of the plate casting for 
bottom gated filling.   
 
 
 
Fig. 4 Gas pore and shrinkage-driven microporosity 
 
 
 
Fig. 5. Fragmented oxide film defect 
 
 
 
Fig. 6 SEM image of gas pore 
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119Metallographic observation and results of tensile tests have 
demonstrated that the surface turbulence during filling can influence 
defect formation and tensile strength in the casting.  It can be 
concluded that defects in the plate casting originate from higher level 
of surface turbulence in the bottom gated plate casting.  Thus, we 
would expect the benefit from new vortex-gate design of pouring 
system anywhere the best quality is required.   
 
 
4. Conclusions 
 
1.  Design of gating system influences strength properties and 
defects of the plate casting. 
2.  The results from experiments have demonstrated that the 
tensile strength can be improved about 10 percent if the 
vortex-gate design of pouring system is employed. 
3.  The metallographic observation presented more porosity and 
oxide related defects for bottom gated pouring. 
4.  The novel vortex-gate design of pouring system has the 
potential to improve the quality of castings. 
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